L2 by 5 months after birth.Wolfe and colleagues, 14 in a study of 55 term infants examined by ultrasound, found that in 94% the CM ended opposite or cranial to the L2 vertebra. Jit and Charnalia8 also established the normal level of the CM opposite or cranial to the L2 vertebra in newborn infants. It is evident from these studies that the CM reaches its final level between birth and 5 months of age and does not ascend further beyond this time.
Investigators have examined the level of the CM in infants, children, and adults using ultrasound or MR in a number of studies (Table 1) . 3, 4, 6, [9] [10] [11] [12] [13] [14] The average level of termination of the CM in these studies was between the mid-body of L1 and the L1/2 disc space. The range varied between the T10/11 disc space and the mid-body of L4, however, with a CM opposite or cranial to the L2/3 disc space being accepted as "normal" in all of the studies.
These previous studies all have one or more significant limitations. First, the authors used only lumbar spine images and "counted up" from the sacrum; neither the number of cervical vertebrae nor the number of rib-bearing vertebrae was assessed. Second, patients with transitional, lumbarized, or sacralized vertebrae were specifically excluded from these studies. Third and most important, the authors included many patients who underwent imaging studies for evaluation of back pain or "sciatica," creating an obvious selection bias. Object. The mean level of the conus medullaris (CM) has been estimated to lie opposite the L1/2 disc space in several previous studies using ultrasound, CT myelography, and magnetic resonance (MR) imaging, but these studies have been limited in examining only the lumbar spine and including patients being evaluated for back pain and sciatica (creating a selection bias). Moreover, significant variability was found in the termination of the CM, with a small subset of subjects having a CM as low as the mid-body of L4. The authors sought to determine the normal level of the CM and its variability.
Methods. Children with brain or spinal cord tumors who underwent whole-spine surveillance MR imaging were identified retrospectively. The level of the CM was identified in each subject by counting down from C1. Vertebral anomalies, such as lumbarized S1, sacralized L5, or fewer rib-bearing segments, and the presence of fatty filum were noted.
Results. Findings regarding the level of termination of the CM were tightly grouped; the average was at the lower third of L1 and the mode of the distribution was at the L1/2 disc space, with very little variation. No CM ended below the mid-body of L2. The level of the CM was not significantly different among individuals with lumbarized or sacralized vertebrae or 11 rib-bearing segments.
Conclusions. The CM terminates most commonly at the L1-2 disc space and in the absence of tethering, the CM virtually never ends below the mid-body of L2. A CM that appears more caudal on neuroimages should be consid- 
T
This present study was undertaken in a population of children with brain tumors who were undergoing wholespine surveillance imaging to exclude leptomeningeal seeding with the intention of 1) determining both the normal level and variability of termination of the CM; 2) assessing the level of termination of the CM in children with transitional vertebrae and those with abnormal numbers of rib-bearing segments; and 3) establishing changes, if any, in the level of termination of the CM in children over time on serial imaging studies.
Clinical Material and Methods
All children with brain and/or spinal cord tumors treated between 1991 and 2005 at the PSHMC were identified from a hematology-oncology database. All children who had undergone whole-spine MR imaging at PSHMC to assess for leptomeningeal seeding were selected for review. Patients with leptomeningeal seeding were included as long as the seeding did not compress the spinal cord or interfere with the proper identification of the CM. Patients with tumors or leptomeningeal seeding that involved the conus medullaris or cauda equina were excluded. No patient had any identifiable cutaneous manifestations of spinal dysraphism.
All MR images were reviewed by one of the senior authors (M.D. or P.K.) in conjunction with the third author (H.K.). The termination of the CM was defined as the level of the lowest axial image in which spinal cord tissue was identifiable (Fig. 1 ). Axial and sagittal MR images were correlated in each case to confirm the level of termination of the CM. The termination of the CM was identified relative to the adjacent vertebrae, with each vertebral body divided into upper, middle, and lower thirds and the intervertebral disc space serving as a fourth level. For the purpose of this paper, we represent these positions by showing the vertical body followed by U for upper, M for medium, and L for lower and designating the vertebral disc space with a virgule (for example, T11/12). For each imaging study, we identified the number of cervical and rib-bearing segments by counting down from the atlas, and the number of lumbar vertebrae were counted from the lumbosacral junction. Transitioning from cervicothoracic to thoracolumbar images was done by identifying anatomical landmarks (vascular markings, unique vertebral markings, or diaphragmatic attachments) common to both studies, rather than by using gelatin capsules (which would have yielded incorrect registrations in two children). The last rib-bearing vertebra was established by identifying the rib on coronal and/or axial images (Fig. 2) . The first sacral vertebral segment was identified by the presence of the sacroiliac joint on coronal images (Fig.  2C) . The presence of fewer than 12 ribs, a sacralized fifth lumbar vertebra, or a lumbarized first sacral vertebra was noted. The presence of fat within, or thickening of, the terminal filum was also recorded.
For calculation purposes, each assigned section of the vertebral column was given a numerical score ranging from 1 (representing the upper border of T12 [T12U]) to 11 (representing the lower border of L2 [L2L]) as represented in Fig. 3 . The mean, median, mode, and range, as well as standard deviation and 95% CI, were then calculated from these numerical values.
The first imaging studies used for each patient were all performed before, or very shortly after the initiation of therapy; there should have been no effects of treatment on vertebral body height or growth when these studies were performed. All images from subsequent studies were similarly evaluated and compared with the initial MR images to identify any changes in the level of the CM over time.
Results
One hundred children who underwent whole-spine imaging were identified during the study period. Their average age was 7.5 years (range 0.4-18 years). The group included 51 boys and 49 girls. Their tumors represented a variety of histological diagnoses, the most common being medulloblastoma and astrocytoma (including benign and anaplastic astrocytomas).
The level of the CM in these 100 children is graphically represented in Fig. 4 . All the CMs terminated between the lower third of T12 (T12L) and the middle of L2 (L2M). The mean corresponded to the lower third of L1 (L1L) and the mode corresponded to the L1/2 disc space. The standard deviation was 1.59 sections, yielding a 95% CI between the lower third of T12 (T12L) and the middle section of the L2 vertebra. In no child was the CM shown to be below the middle third of L2 (L2M) on the initial MR images.
Two serial MR images were evaluated in 46 children. In 37 of these children, the level of the CM did not change between the two studies. In three children the CM was higher by one section (one third of a vertebra) and in six children the CM was lower by one section. In a single child the CM was observed to have descend from the middle third of L2 to the lower third of L2 between studies. The amount of change was insignificant and likely to have been within the error of measurement.
Transitional vertebrae were identified in six children, all having lumbarized S1 vertebrae. Counting the last ribbearing segment as T12, the termination of the CM in these six patients was not significantly different from that in the group as a whole-the CM ended opposite L1L in one child, L2U in another child, and the L1/2 disc space in the remaining four children. Two children had 11 rib-
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Termination of the normal conus medullaris in children bearing segments; one of these children had five and the other, six lumbar vertebrae. In both of these children, the CM ended opposite the middle of the first non-rib-bearing segment. Counting down from the atlas, this vertebra would have been the 12th thoracic vertebra (if it had a rib) in both children, although counting up from the bottom would yield a CM termination level of L1M for the child with five lumbar vertebrae and T12M for the child with six lumbar vertebrae.
Fat was found in the terminal fila of two children, in neither of whom was the filum enlarged. The CM ended at the L1/2 disc space in the first child and at L1M in the second.
Discussion
This is the first study in which the termination of the CM has been systematically evaluated in children with reference to the entire spine. Moreover, in this study the evaluation was in children who were not selected for MR imaging evaluations based upon symptoms that might be related to tethering, and the effect of transitional vertebrae on the level of termination of the CM was also evaluated. The results show a much tighter grouping of the level of CM termination between T12L and L2M than has been shown in other studies, with a mode at the L1/2 disc space and a mean being slightly higher at L1L. Of greater importance is that no patient had a CM ending lower than the middle third of the L2 vertebra (L2M). This finding contrasts with those of earlier studies, which have all shown a small subset of patients with CM extending more caudally, 3, 4, 6, [9] [10] [11] [12] [13] even as low as L4 in one series, 14 despite showing mean levels similar to ours. The inclusion of patients being evaluated for back pain and sciatica in these studies suggests that some of the individuals classified as normal may, in fact, have had symptomatic spinal cord tethering. We conclude that the CM should normally end opposite or cranial to the mid-body of L2 and that any CM that lies caudal to this level should be considered tethered in terms of imaging findings.
The incidence of transitional vertebrae in this study is comparable to the 6% reported in other series. The results suggest that the presence of a transitional vertebra does not alter the level of termination of the CM if there are 12 rib-bearing segments and the first non rib-bearing segment is identified as L1. Moreover, even in children with 11 ribs, the CM appears to end in the region of the first non-rib-bearing segment (which would be T12 counting down from the atlas) rather than at L1. The examination of patients with both transitional vertebrae and reduced FIG. 4 . Distribution of CM termination levels in published studies. Note the presence of the "tail" on the right side of the graph (representing findings caudal to the L1/2 disc space) in previous studies and the absence of such findings in the present study. The overall median value and 95% CI are indicated by the pointer and line located below the abscissa of the graph.
numbers of rib-bearing segments suggests that the termination of the CM may be regulated by the level of the last rib-bearing segment, a hypothesis that requires further study.
Finally, the results of this study suggest that the use of gelatin capsules to transition from cervicothoracic to thoracolumbar MR images may not always be accurate, as the capsules appear to have moved slightly between the studies in two of the children in this series. This movement caused a misreading on the initial MR imaging interpretation in both patients. We suggest that anatomical landmarks are more suited for aligning the vertebrae between studies.
